Numerical simulations were used to study signal formation in a Thick Gaseous Electron Multiplier (THGEM) and in THGEM -based Thick-WELL (THWELL) and Resistive-Plate WELL (RPWELL) detectors. The signal shapes were simulated in mixtures of Argon and Neon with 5% Methane under irradiation with soft x-rays and muons. Anode-induced raw signals were convoluted with the response functions of charge-sensitive and current-sensitive pre-amplifiers. The simulation toolkit was validated by the good agreement reached between the simulated and measured response, with different pre-amplifiers. It indicates that our simulations framework provides valid insight into the inherent complex dynamical processes of the various detectors.
The detector geometries are discussed in section 2. The simulation method is detailed in section 3.
23
The experimental setup is described in section 4, followed by the results in section 5 and a discussion in hadron-beams, was demonstrated in neon-and argon-based gas mixtures [23] [24] [25] [26] .
36
In its standard configuration (Figure 1(a) ), the THGEM electrode is preceded by a conversion and from the anode, and has a negligible effect on the pulse shape [27] . In the THWELL (Figure 1(b) all experiments was 0.5 kV/cm. The THGEM detector was operated with a 2 mm wide induction gap
60
( Figure 1(a) ), under an induction field of 2 kV/cm (below charge multiplication onset).
61

Numerical Model
62
Garfield simulation framework [7] has been used in the present work. 
66
The design parameters of the THGEM-based detectors considered in the numerical simulations are 67 those described in section 2. The RP of the RPWELL detector was considered to be a dielectric -
68
transparent to the signals induced on the anode [29] . The basic electrode's cell structure has been 69 repeated along both X-and Y-axes, to represent a real detector. The field configurations of the different 70 detectors have been simulated using the voltage settings mentioned in Table 1 .
71
Primary-electron clusters were generated for 5.9 keV photons and relativistic muons interacting with 72 the detector medium; the latter being distributed along a track portion depositing energy within the drift 73 gap (Fig. 2) . The primary-electrons' drift process towards the THGEM electrode was simulated using 74 the Microscopic tracking routine [7] . In this procedure, a typical drift path proceeds through millions of 75 collisions, each being classified as elastic or inelastic (including excitation, ionization, attachment etc.).
76
The electrons are focused into the holes by the drift-and the hole's dipole fields, inducing avalanches 77 within the holes. In this process, an electron starting from a given point is subject to collisions with gas 
Here E w is the field created by raising this electrode to a potential V and grounding all other electrodes,
86
in the absence of charge.
87
The total charge Q induced on the electrode is given by
We used the Shockley-Ramo theorem to calculate the induced current on a uniform readout anode.
90
The current pulse was then convoluted with the readout electronics response function. The output voltage 91 from the preamplifier is then:
The response functions of a charge sensitive and a fast pre-amplifier (used here) are shown in Figure   93 2. The response function of the APV25 chip (Table 1) were adjusted to keep similar gas gains of ∼ 4000. 
122
The raw current signals of the THWELL and RPWELL detectors are shown in Figure 4(b) ; the fast 123 pulse is due to the avalanche electrons, whereas the long tail is the result of the ions' drift away from the 124 avalanche head. The RPWELL current signals are peaked similarly to that of the THWELL; however, 125 the ion-component shape is different in both detectors. Due to the presence of the resistive layer ( Figure   126 1(c)), the weighting field in the RPWELL is different from that of the THWELL detector. But, in both 127 cases, the ion tail reaches zero value within ∼ 2 µsec. The raw current signal of RPWELL detectors 
169
Signals from a current-sensitive pre-amplifier exhibit cluster-induced peaks as shown in Figure 13 (b)
170
(measured) and 13(c) (simulated). 
177
In these measurements, we used a strip-patterned readout anode and the signal was induced on a few 
188
The soft-photon "point ionization" signals, measured by a fast preamplifier, differ from the "extended 189 ionization" clustered muon-induced ones. The "clustering" effect is washed out using charge-sensitive having long shaping time but is visible while using the fast pre-amplifier of short shaping time.
201
To summarise, rather good qualitative agreement was reached between the simulated and measured 
